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ABSTRACT
We study five Luminous Blue Variable (LBV) candidates in the Andromeda galaxy
and one more (MN112) in the Milky Way. We obtain the same-epoch near-infrared
(NIR) and optical spectra on the 3.5-meter telescope at the Apache Point Obser-
vatory and on the 6-meter telescope of the SAO RAS. The candidates show typi-
cal LBV features in their spectra: broad and strong hydrogen lines, He i, Fe ii, and
[Fe ii] lines. We estimate the temperatures, reddening, radii and luminosities of the
stars using their spectral energy distributions. Bolometric luminosities of the candi-
dates are similar to those of known LBV stars in the Andromeda galaxy. One candi-
date, J004341.84+411112.0, demonstrates photometric variability (about 0.27mag in
V band), which allows us to classify it as a LBV. The star J004415.04+420156.2
shows characteristics typical for B[e]-supergiants. The star J004411.36+413257.2
is classified as Fe II star. We confirm that the stars J004621.08+421308.2 and
J004507.65+413740.8 are warm hypergiants. We for the first time obtain NIR spec-
trum of the Galactic LBV candidate MN112. We use both optical and NIR spectra
of MN112 for comparison with similar stars in M31 and notice identical spectra and
the same temperature in the J004341.84+411112.0. This allows us to confirm that
MN112 is a LBV, which should show its brightness variability in longer time span
observations.
Key words: galaxies: individual: M31 – stars: emission-line, Be – stars: massive –
stars: supergiants – stars: variables: SDoradus – stars: individual: MN112 – infrared:
stars
1 INTRODUCTION
Classification of highest luminosity stars from the most
upper part of the HR diagram demonstrates a great im-
provement during last years, partly due to works by R.
Humphreys and colleagues (Humphreys et al. 2013, 2014,
2017a,b; Gordon et al. 2016) who studied such stars in
nearby galaxies M31 and M33. Reliable classification of
the highest luminosity stars requires long-term photomet-
ric and spectral monitoring in the optical and near-infrared
(O/NIR) parts of spectra. We have presented a new veri-
fication method and investigation of 6 LBV candidates in
M31 in the O/NIR (Sholukhova et al. 2015), and here we
⋆ E-mail: ars@sao.ru
continue with investigating five more luminous stars in the
Andromeda, among with one more in the Milky Way galaxy.
Humphreys et al. (2014) split the highest luminosity
stars into six types using their spectral and photometric
features: LBV stars and LBV candidates, B[e]-supergiants
(B[e]SGs), Fe II emission-line stars, warm hypergiants, hot
and intermediate-type (yellow) supergiants and Of/late-WN
stars. A brief outline of their features follows.
LBV stars and LBV candidates They are evolved and
unstable high luminosity stars. In the maximum of their
brightness LBVs are A-F hypergiants, while in the minimum
they can show WNLh spectra. In an intermediate state they
mimic B[e] supergiants. There is a variety of observational
manifestations of LBVs because of their strong stellar wind.
This evolutionary stage is characterized by the depletion of
© 2020 The Authors
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hydrogen in nuclei. Changes in the ionization state of the
most abundant elements in the stars lead to the variations
of the gas transparency and stellar mass loss rate. The most
distinctive feature that points at the true LBV nature is their
S Dor-type variability, when the stars show aperiodic bright-
ness variation that exceeds 0.2mag (van Genderen 2001) on
the time scales from months to decade, accompanied by a
color variability. Although there is no common paradigm for
the explanation of those features, they should be primar-
ily caused by variations of stellar radius and temperature,
and not by changes of the dust extinction. LBVs do not
have [O i] 6300, 6364 A˚ lines in their spectra. Some of them
show emission lines Fe ii and [Fe ii]. The spectra show free-
free emission, but not traces of warm emission or infrared
(IR) excess. Humphreys et al. (2014) showed that confirmed
LBVs have relatively low speed of stellar wind in their hot
state (which corresponds to the visual brightness minimum)
with respect to the Of/WN stars, which they may resemble.
B[e]-supergiants A connection between the LBVs and
B[e]SGs is still unclear (Kraus et al. 2014; Kraus 2019), al-
though these classes of massive stars have similar luminosity
and spectra when the LBVs are in their hot phase. At the
same time, physical properties of LBVs and B[e]SGs can be
very different (Fabrika 2000). LBVs can increase their photo-
sphere size ten times and brightness by 3 magnitudes, while
the B[e]SGs do not show strong brightness variability. The
main spectral difference from the LBVs is the presence of the
[O i] 6300, 6364 A˚ and [Fe ii] emission lines in their spectra.
In addition to numerous [Fe ii] emission and broad hydro-
gen emission lines they also show [Ca ii] 7291, 7324 A˚ emis-
sion lines. Recently Aret et al. (2016) pointed at the [O i]
6300, 6364 A˚ emission lines as one of the main features of the
B[e]SG class, while the [Ca II] 7291, 7324 A˚ emission being
dependent of the presence of circumstellar gas is detected in
the more massive stars often, but is not necessarily seen in all
B[e]SGs. Confirmed B[e]SG stars have warm circumstellar
dust, which their spectral energy distributions (SED) reveal:
most of the B[e]SGs demonstrate the infrared excess over the
amount expected from the free-free radiation of their stellar
winds. The latter is also the main criterion that allows us
to distinguish the B[e]SGs from LBVs (Oksala et al. 2013;
Kraus et al. 2014; Humphreys et al. 2017a).
Fe II emission line stars These stars have blue continuum
with strong hydrogen emission lines, and Fe ii emission lines.
At the same time, they do not show any absorption lines,
[O i] emission or circumstellar dust. Their nature is not yet
clear. Similar to the B[e]SGs, these stars do not show signif-
icant variability of spectra.
Warm Hypergiants Spectra of the warm hypergiants are
similar to those of LBVs at their bright state. They are more
luminous than the supergiants. They show strong Balmer
emission with broad wings and P Cygni profile, in combina-
tion with Ca II (8498, 8542, 8662 A˚) and [Ca ii] 7291, 7324 A˚
emission lines. All these stars are surrounded by dust and
show strong infrared excess. Some of them indicate the [O i]
and [Fe ii] emission similar to the B[e]SGs. They are different
from the supergiants by the presence of the A- and F-type
absorption features. The hypergiants do not show spectral
variability.
Hot Supergiants and Yellow Supergiants Their spec-
tra show mostly the hydrogen emission lines, and some
have He i emission. Many lines have P Cygni profiles.
Humphreys et al. (2014) notice that the outflow velocity in
confirmed LBVs is significantly less than that in the hot su-
pergiants. Intermediate class stars, or yellow supergiants, do
not show spectral variability or Fe ii and [Fe ii] emission. The
same is true for the supergiants of later types with A-spectra
and yellow supergiants.
Of/late-WN stars Some LBV stars like He 3-591 in our
Galaxy, HD 5980 in SMC, R127, R71, HDE 269582 in LMC,
AF And, Var 15 in M31, Var B, Var 2 in M33 show the spec-
tra and optical variability similar with Of/late-WN stars.
However it does not automatically mean that all Ofpe/WN
stars are LBV candidates. Only specific S Dor-type vari-
ability allows ones to classify those stars as LBVs (e.g.
as in the case of Romano’s star (V532) in M33, Romano
(1978)). Short time changes in spectra also indicate that an
Ofpe/WN star can be a LBV candidate. Humphreys et al.
(2014) show that Of/WN stars have high stellar wind speed
(over 300 kms−1) with respect to LBVs.
LBV is a narrow class of stars. Their study in our galaxy
is difficult because of large dust extinction in the galactic
plane and high uncertainty in the distance determination.
This makes nearby galaxies especially valuable for the stud-
ies of LBVs.
Spectra of LBVs and related stars are suffi-
ciently well researched in the optical region (see e.g.
Walborn & Fitzpatrick (2000)). But IR spectra of LBVs are
understudied. Just a few IR spectra of galactic LBVs were
investigated by (Hamann et al. 1994; Morris et al. 1996;
Voors et al. 2000; Groh et al. 2007). Kraus et al. (2014);
Kourniotis et al. (2018) published IR spectra for 8 LBV can-
didates in M31 and M33. They classified two those candi-
dates as B[e]SGs for the presence of 12CO lines.
We presented optical and NIRs spectra, SEDs, and de-
termined temperatures, reddening, stellar radii and luminos-
ity of five LBV candidates and two known LBVs (AE And
and Var A-1) in M31 (Sholukhova et al. 2015). Two of those
LBV candidates, J004526.62+415006.3 and J004051.59
+403303.0, were justified as LBVs. Two more candidates
(J004417.10+411928.0 and J004444.52+412804.0) turned
out to be B[e]SGs. The star J004350.50+414611.4 remains
a LBV candidate.
In the present paper we report results of O/NIR spectral
and photometric observations of five LBV candidates in the
Andromeda galaxy, and of one more object of this kind in our
Galaxy, MN112 (Gvaramadze et al. 2010). We select objects
J004341.84+411112.0, J004411.36+413257.2, J004415.00
+420156.2, J004507.65+413740.8 and J004621.08+421308.2
from the list of LBV candidates by Massey et al. (2007,
2016) for this study. We refer to the stars by their first (RA)
coordinate throughout the paper. Below we describe their
spectra, SEDs, and use them to determine the stellar pa-
rameters for the consequent classification.
2 OBSERVATIONS
The optical spectra of all objects were obtained with the
SCORPIO spectrograph (Afanasiev & Moiseev 2005) on the
MNRAS 000, 1–12 (2020)
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6-m telescope BTA SAO RAS in October-November 2012.
The observing log is shown in Table 1. The spectra re-
duction and extraction were performed with the spextra
package designed to work with stars in crowded fields by
Sarkisyan et al. (2017). Several sets of BVRI or BVR pho-
tometry was also obtained with the SCORPIO for each ob-
ject (commonly simultaneously with the spectra; see Table 2
for details).
The NIR spectra are obtained with the TripleSpec
(Wilson et al. 2004) spectrograph on the 3.5-m ARC tele-
scope at the Apache Point Observatory (APO, New Mexico,
USA) in October and November of 2012 (Table 1). The data
reduction was performed with the spextool Cushing et al.
(2004) package coupled with the xtellcor method devel-
oped by Vacca et al. (2003).
We also were able to obtain quasi-simultaneous NIR
and optical photometry for our LBV candidates in October-
November of 2016. Each of the studied candidates was
observed during one clear photometric one night on Oc-
tober 26, 2016, with the NICFPS imager on the 3.5-m
ARC telescope at the APO. The imager is equipped with
the MKO J, H & Ks filter set (Simons & Tokunaga 2002;
Tokunaga et al. 2002; Tokunaga & Vacca 2005). Typically,
we performed 3x60 sec exposures in the J filter, 6x20 sec ex-
posures in the H, and 6x20 sec in the Ks. We applied spatial
dithering between the exposures. All dark subtracted images
were used to construct the flat field images by median co-
adding them in the iraf, in each filter separately. After the
flat fielding, magnitudes of observed stars were estimated
by comparison with seven stars near the candidates in the
NIR frames, with the help of Two Micron All Sky Survey
(2MASS) calibration.
We were able to perform the optical photometry two
weeks after the NIR observations with a small, 0.5-m ARC-
SAT telescope at APO, during clear, photometric nights on
November 8 & 14, 2016. We observed the stellar fields with
a wide-field (32 arcmin) ARCSAT camera equipped with the
standard Johnson-Cousins BVRI set of filters. Every night
we took the Landolt fields of standards SA92 and PH0220
(Landolt 1992) for calibration purposes. The typical expo-
sure time was 3x300 sec in the B band and 3x240 sec in the
V, R and I. We applied spatial dithering between the ex-
posures. We obtained sky flat field exposures, dark current
frames and biases for each observing night. The images were
bias and dark subtracted and flat fielded using standard iraf
routines. We summarise results of our O/NIR photometry
in Table 2.
We also used here one additional spectrum of
J004415.00 for its SED modeling. It was obtained as a
byproduct of QSOs search on 3.5-m the ARC telescope at
APO with the Dual Imaging Spectrograph (DIS) on 2018
October 7 using the 300 linemm−1 grating, which provided
wavelength coverage from 5190 to 9850 A˚ and a resolution
of roughly 5 A˚.
3 RESULTS
3.1 Spectroscopy
Figure 1–3 demonstrates spectra of our stars at six band-
passes. The principal lines are identified and designated:
emission lines of Balmer, Paschen and Brackett series, to-
gether with He i, Fe ii and [Fe ii], Fe iii, Si ii, N ii, [N ii] and
some other.
Object J004507.65 shows absorption lines Si ii (6347,
6371 A˚). We used MN112 spectrum for comparison since
it is almost identical to the spectrum of the well known
LBV P Cygni Massey (2006). Both the stars J004341.84
and MN112 have P Cygni profiles in hydrogen, He i and
Fe iii lines, and similarity of their spectra is evident. This
supports the LBV classification of J004341.84. J004621.08
has 12CO lines, which points at the presence of warm stellar
wind around the star. We consider the spectra of individual
objects in detail below.
3.2 The spectral energy distribution
Figure 4 shows the spectral energy distribution (SED) for
our stars in the optical and NIR ranges. The SEDs are made
with our spectra and photometry, in a combination with lit-
erature data. The used photometric data are summarized in
Table 3, which shows the date of observations, symbols used
in the SED figures, photometric bands, magnitudes with un-
certainties and references. The reference source designations
are 2MASS – Two Micron All Sky Survey (Cutri et al. 2003),
2MASS-6X – Two Micron All Sky Survey 6X (Cutri et al.
2012), LGGS – Local Group Galaxies Survey (Massey et al.
2006), PS1 – Panoramic Survey Telescope and Rapid Re-
sponse part 1 (Pan-STARRS1, Chambers et al. (2016)) and
Gv2010 – Gvaramadze et al. (2010). The LGGS and PS1
data present the magnitudes averaged over several observa-
tional epochs, with averaged observing date. The PS1 data
uncertainties are estimated as the r.m.s. of all observed mag-
nitudes.
We approximate the photometric data points (denoted
by the asterisks in Table 3) with black body spectrum taking
into account the dust extinction (Fitzpatrick 1999) using
RV = 3.1. We use the UBVRI spectra range only for the
approximation because the model does not take into account
contribution from the bremsstrahlung radiation and the dust
emission (except the case of J004415.00, see bellow).
Most of our objects have strong emission lines in their
spectra, which can contribute up to 10–15 per cent to the
photometric SED points. We subtract this contribution from
the photometric points using our spectra. We also apply
corrections to the average band wavelengths for the spec-
tra slope. Photometric points obtained with those correc-
tions are marked with the filled symbols in Figure 4. For
the comparison with existing literature data, we also show
not corrected data points with the same but open symbols in
Figure 4. The results of the SED approximation are shown
with the solid lines and dashed (in the case of fitting two
sets of points) lines in Figure 4. Parameters of correspond-
ing models are given in the figure legends and summarized
in Table 4.
To show the SEDs based on our optical spectra, we mul-
tiply the continuum normalized spectra by best-fit curves
of corresponding photometric points because the flux cali-
bration of optical long-slit spectra are affected by the light
losses on the slit. Although the applied method of the NIR
spectra flux calibration helps better handle the atmospheric
extinction Vacca et al. (2003), our NIR spectra have rather
low signal-to-noise (S/N) ratio, so we scale the NIR spectra
MNRAS 000, 1–12 (2020)
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Figure 1. The optical spectra of the J004341.84, J004411.36, J004415.00, J004507.65, J004621.08 and MN112. The principal strong lines
and diffuse interstellar bands (DIBs) are identified.
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Figure 2. The J -band NIR spectra of the same objects as in Figure 1. The spectrum of J004341.84 is not shown. Horizontal unsigned
ticks mark the spectra ranges affected by the atmospheric emission and telluric absorption.
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Figure 3. The H and K -band NIR spectra of the same objects as in Figure 1. The IR spectrum of J004341.84 is not shown. The
horizontal unsigned ticks mark the spectra ranges affected by the atmospheric emission and telluric absorption.
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Table 1. The spectroscopic observations. The columns represent the date of the observations, average seeing, used instrument (or
instrument and grism combination) for spectroscopic observations. Abbreviation SCO is used for SCORPIO spectrograph. Spectral
ranges and resolution as full width at half maximum (FWHM) of the used instruments are as follows: TripleSpec – 0.95–2.46µm, 5 A˚;
SCO/VPHG550G – 3500–7200 A˚, 11 A˚; SCO/VPHG1200G – 4000–5700 A˚, 5.3 A˚; SCO/VPHG1200R – 5700–7500 A˚, 5.3 A˚.
Object Date Seeing (arcsec) Instrument/Grism
J004341.84 17.10.12 1.0 TripleSpec
15.10.12 1.4 SCO/VPHG550G
16.10.12 1.1 SCO/VPHG1200G
J004411.36 07.11.12 1.1 TripleSpec
17.10.12 1.2 SCO/VPHG550G
21.10.12 1.1 SCO/VPHG1200G
J004415.00 13.11.12 1.1 TripleSpec
18.10.12 2.4 SCO/VPHG550G
04.09.15 1.3 SCO/VPHG550G
22.10.12 1.3 SCO/VPHG1200G
J004507.65 17.10.12 1.0 TripleSpec
14.10.12 2.0 SCO/VPHG550G
17.10.12 1.3 SCO/VPHG1200G
J004621.08 13.11.12 1.2 TripleSpec
20.10.12 0.9 SCO/VPHG550G
04.09.15 1.3 SCO/VPHG1200G
MN112 13.11.12 1.2 TripleSpec
16.08.15 4.0 SCO/VPHG550G
20.06.09 1.4 SCO/VPHG1200G
20.06.09 1.4 SCO/VPHG1200R
to tie them to the NIR photometric data points for all ob-
jects except the MN112, for which the NIR spectrum was
obtained with high S/N ratio.
The parameters AV and temperature are degenerated
in the spectra modeling, which prohibits to determine both
of them in a general case. Breaking the degeneracy is pos-
sible with some additional constraints on the model param-
eters. We start with preliminary estimates of the stellar
temperature (Tsp in Table 4) using the visibility of emis-
sion lines He i, He ii 4686 A˚, and Fe ii in the spectra. Next,
we fit the spectrophotometric data using the constrained
temperature. This allows us to estimate the AV with ap-
propriate accuracy, and therefore to estimate the bolomet-
ric luminosity of the stars. We follow this way for most of
our stars: J004411.36, J004507.65, J004621.08 and MN112.
Table 4 shows the estimated parameters: AV , stellar temper-
ature, stellar radii, and absolute and bolometric magnitudes
MV and Mbol. We accept the distance to M31 of 752±27
kpc (Riess et al. 2012), and the distance to the MN112 of
6.93+2.74
−1.81
kpc (Bailer-Jones et al. 2018). Note again that the
bolometric magnitudes are calculated from the model spec-
tra and do not take into account contributions from the
bremsstrahlung or dust emission contribution.
In addition, variable objects help us solve problems
of the degeneration by fitting several data sets with ad-
ditional constraints on parameters. Thus, variable LBV
stars become cooler and brighter in the optical spec-
tral range with a nearly constant bolometric luminosity
(Humphreys & Davidson 1994). The variability has to have
large enough amplitude (∆V & 0.2mag) and be relatively
slow (at least a few months, Sholukhova et al. (2011)), which
makes the constant bolometric luminosity a good approxi-
mation (σT44πR2 = const) and allows us to constrain model
parameters as Ti = T1
√
R1/Ri , where the 1 and i corresponds
to the parameters at the first and further stages of variabil-
ity, respectively. One more constraint for the model parame-
ters comes from the constant extinction AV = const indepen-
dent of the variability stage. One of our objects, J004341.84,
indicates the LBV-type variability, which enables us to fit
two sets of photometric SEDs (Figure 4) and estimate stellar
parameters in two different stages (Table 4).
The object J004415.00 required our special considera-
tion. We notice large variations of spectra at the hydrogen
series limits. We designate the limits of the Balmer, Paschen,
Brackett and Pfund series in Figure 4 for the J004415.00
with vertical arrows. A jump at the Brackett series limit
in the IR spectrum can be well seen. The Balmer and
Paschen jumps can also be noticed by photometric bright-
ness changes. These inverse jumps at the hydrogen series
limits attest to the noticeable contribution of free-free (f-f)
and free-bound (f-b) emissions to the spectrum. This con-
firms the presence of ionized circumstellar envelope where
the f-f and f-b emissions originate, which is typical for the
B[e]SGs (Zickgraf et al. 1985, 1986, 1989). To take the con-
tribution of f-f and f-b radiations into account and estimate
corresponding spectra, we used chianti package (Dere et al.
1997; Landi et al. 2013). We consider the case of isothermal
pure hydrogen plasma at the temperature of Te=10000K
(Lamers et al. 1998). From the spectrum of the star we as-
sume that its effective temperature is Tstar =15000K and
well match the model spectrum to the observations with the
following parameters: Te = 10000K, E M = 1.37 × 10
39 cm−5
(emission measure), Tstar = 15000K, Rstar = 43R⊙ , AV = 1.1.
In order to describe the IR excess of the SED we also add hot
dust emission to the model spectrum by assuming it to be
effective black-body radiation with the temperature of about
1000K (the best fit obtained with Tdust = 1050K), which
is typical for B[e]SGs hot circumstellar dust (Lamers et al.
MNRAS 000, 1–12 (2020)
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Table 2. The O/NIR photometry. We show the date of the observations, used instrument (SCO for the SCORPIO/6-m BTA, and APO
for the NICFPS/3.5m APO) and estimated magnitudes with their uncertainties.
Object Date Instr. B V R I J H Ks
J004341.84 16.10.2012 SCO 18.02±0.05 17.59±0.03 17.12±0.05
17.01.2015 SCO 17.98±0.08 17.48±0.08 17.02±0.05 16.81±0.05
26.09.2016 SCO 17.83±0.08 17.32±0.05 16.91±0.06
26.10.2016 APO 15.85±0.24 15.73±0.06
J004411.36 17.10.2012 SCO 18.61±0.07 17.89±0.05 17.38±0.07
17.01.2015 SCO 18.74±0.03 18.02±0.04 17.44±0.03 16.95±0.08
26.10.2016 APO 16.24±0.11 15.71±0.04 15.40±0.06
J004415.00 18.10.2012 SCO 18.56±0.04 18.28±0.04 17.24±0.03
17.01.2015 SCO 18.57±0.06 18.26±0.05 17.24±0.06 17.23±0.06
04.09.2015 SCO 18.57±0.05 18.24±0.02 17.20±0.04 17.22±0.03
08.11.2016 APO 18.53±0.07 18.25±0.07
14.11.2016 APO 17.21±0.08 17.25±0.10
26.10.2016 APO 16.63±0.05 15.86±0.10 14.52±0.03
J004507.65 14.10.2012 SCO 16.50±0.11 16.09±0.04 16.04±0.05
17.01.2015 SCO 16.52±0.06 16.18±0.03 15.96±0.03 15.73±0.10
08.11.2016 APO 16.48±0.04 16.20±0.07 16.00±0.04
14.11.2016 APO 15.89±0.11
J004621.08 21.10.2012 SCO 18.40±0.06 18.05±0.01 17.65±0.04
17.01.2015 SCO 18.26±0.07 17.88±0.06 17.54±0.06 17.34±0.07
17.08.2015 SCO 17.95±0.06 17.62±0.06 17.34±0.06
04.09.2015 SCO 18.31±0.03 17.94±0.05 17.58±0.03 17.30±0.03
08.11.2016 APO 18.30±0.05 18.04±0.05 17.58±0.11 17.36±0.06
26.10.2016 APO 16.22±0.12 15.21±0.09
MN112 20.06.2009 SCO 16.83±0.05 14.43±0.05 12.63±0.05
17.08.2015 SCO 16.84±0.06 14.43±0.08 12.65±0.07
1998). The result of the SED fitting is shown in Figure 4: the
dashed line shows the blackbody radiation, the dotted line
designates the contribution of free-free and free-bound emis-
sions, the dash-dotted line demonstrates the dust emission
contribution, the solid line indicates the total model spec-
trum. All showed spectra include the interstellar extinction
(Fitzpatrick (1999), assuming RV = 3.1) with AV=1.1 ob-
tained as the best fit parameter. Since the object J004415.00
does not show considerable photometric variability, we in-
corporate some more published photometric data points for
fitting (see Table 3) in addition to the BTA data. For better
illustration of the matching between the model and observed
spectra, the synthetic photometry of the total model contin-
uum multiplied by the normalized spectrum is shown with
the filled circles. Note that since the parameters are obtained
in the isothermal plasma approximation with fixed temper-
atures of the star and circumstellar plasma, we report the
other parameters derived from them as estimates and do not
assess their uncertainties. Nevertheless, our estimates of the
model parameters are good enough and allow us to constrain
the dust extinction and the luminosity of the object.
3.3 Individual Objects
J004341.84
Massey et al. (2007) and Humphreys et al. (2014) clas-
sify this LBV candidate as an Of/late-WN star.
Humphreys et al. (2014) found that T = 17300K and AV =
0.9mag, and also notice the presence of the bremsstrahlung
and dust radiation. Massey (2006) pointed that the object is
an analog of the well known LBV star P Cygni. We also no-
tice wide emission lines Hα and Hβ, P Cygni profiles in the
Fe iii and He i lines and close matching of the spectrum to
those of P Cygni and P Cygni-like LBV candidate MN112.
Our SED fitting of two stellar states with constant ex-
tinction and bolometric luminosity yields AV = 1.9mag,
T = 20000K for the 16.10.2012 epoch, and T = 18000K for
the 26.09.2016 epoch. J004341.84+411112.0 demonstrates
photometric variability about 0.27mag in V band. Despite
the brightness variation is not outstanding, it is quite enough
to classify the candidate as a LBV in quiescent phase. We do
not exclude that J004341.84 is an LBV from its luminosity
and variations, although further studies of this object are
required.
J004411.36
The star is noticed as a variable by Bonanos et al. (2003),
with photometric variability amplitude of 0.15mag. We also
observe a spectral variability. Thus, we identify the He i
5876 A˚ line in our spectra, while it was not seen in the spec-
trum by King et al. (1998) from 1995. Bright lines [Ca ii]
7291, 7323 A˚ point at a warm dust shell around the star.
This object has no infrared rise in JHK bands, but only in-
frared excess. Humphreys et al. (2013) classify the star as
the Fe II emission line type. Although B[e]SGs do not show
spectra variability, the J004411.36 evidences spectra vari-
ability on the 17 years time range. The spectra variability
in B[e]SGs was reported only for S18 by Clark et al. (2013),
with a general doubt of the S18 belonging to the B[e]SGs.
We classify the J004411.36 as Fe II emission star, with a pos-
sibility of a dormant LBV. The best SED fitting parameters
are AV = 2.3mag and T = 15000K.
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Table 3. Photometric data for SEDs. The symbols are kept the same as in Figure 4. Also we show the photometric bands, magnitudes
of the stars with uncertainties, date of observation, and references to the sources of photometric data. The asterisks at the first column
designate the approximated data (see text).
Date Symbol Filters Magnitudes Source
J004341.84
24.10.1997 JHKs 16.359±0.124 16.184±0.221 15.563±0.210 2MASS-6X
06.04.2002 UBVRI 17.242±0.007 18.002±0.006 17.547±0.004 17.140±0.006 16.853±0.007 LGGS
25.03.2012 grizyPS 17.616±0.020 17.284±0.023 17.182±0.036 17.112±0.138 17.194±0.092 PS1
16.10.2012* BVR 18.02±0.05 17.59±0.03 17.12±0.05 this paper
26.09.2016* BVR 17.83±0.08 17.32±0.05 16.91±0.06 this paper
26.10.2016 HKs 15.85±0.24 15.73±0.06 this paper
J004411.36
14.11.2000 JHKs 16.400±0.053 15.862±0.090 15.395±0.078 2MASS-6X
31.01.2001 UBVRI 18.320±0.006 18.813±0.004 18.071±0.003 17.455±0.004 16.959±0.005 LGGS
24.03.2012 grizyPS 18.371±0.013 17.615±0.044 17.392±0.049 17.372±0.036 17.356±0.047 PS1
17.10.2012* BVR 18.61±0.07 17.89±0.05 17.38±0.07 this paper
26.10.2016 JHKs 16.24±0.11 15.71±0.09 15.40±0.06 this paper
J004415.00
05.11.1998 JHKs 16.791±0.160 16.050±0.196 14.540±0.076 2MASS
06.10.2000* UBVRI 17.770±0.009 18.563±0.008 18.291±0.005 17.230±0.007 17.319±0.009 LGGS
02.02.2012* grizyPS 18.276±0.018 17.257±0.012 17.710±0.008 17.638±0.037 17.801±0.039 PS1
04.09.2015* BVRI 18.57±0.05 18.24±0.02 17.20±0.04 17.22±0.03 this paper
26.10.2016* JHKs 16.63±0.05 15.86±0.10 14.52±0.03 this paper
J004507.65
04.12.1998 JHKs 15.448±0.049 15.343±0.097 15.025±0.106 2MASS
06.10.2000 UBVR 15.908±0.007 16.428±0.006 16.145±0.004 15.934±0.006 LGGS
14.11.2000 JHKs 15.506±0.031 15.487±0.061 15.265±0.063 2MASS-6X
27.12.2011 grizyPS 16.198±0.010 16.125±0.051 16.083±0.017 16.170±0.104 16.179±0.011 PS1
17.01.2015* BVRI 16.52±0.06 16.18±0.03 15.96±0.03 15.73±0.10 this paper
J004621.08
05.11.1998 JKs 16.808±0.171 15.151±0.128 2MASS
02.10.2000 UBVRI 17.876±0.008 18.449±0.006 18.155±0.004 17.721±0.006 17.389±0.008 LGGS
25.04.2012 grizyPS 18.073±0.017 17.778±0.020 17.858±0.046 17.790±0.058 17.849±0.077 PS1
04.09.2015* BVRI 18.31±0.03 17.94±0.05 17.58±0.03 17.30±0.03 this paper
26.10.2016 HKs 16.22±0.12 15.21±0.09 this paper
MN112
04.05.2000 JHKs 8.857±0.021 8.016±0.024 7.418±0.021 2MASS
22.04.2009 BVI 17.13±0.12 14.53±0.03 11.15±0.03 Gv2010
30.05.2011 grPS 15.712±0.020 13.381±0.013 PS1
17.08.2015* BVR 16.84±0.06 14.43±0.08 12.65±0.07 this paper
Table 4. Results of our SED fitting to our observations. The columns designate the object name, epoch, stellar photosphere temperature,
temperature and extinction AV estimated from the SED fitting, stellar radius in the solar units, MV and Mbol.
Object Epoch Tsp (K) TSED (K) AV (mag) R (R⊙) MV (mag) Mbol (mag)
16.10.2012 18000–22000 20000 87±6 -8.7±0.15
J004341.84
26.09.2016 – 18000
1.9±0.12
107±7 -9.0±0.15
-10.3±0.17
J004411.36 17.10.2012 12000–18000 15000 2.3±0.20 120±12 -8.8±0.22 -9.8±0.36
J004415.00 04.09.2015 13000–17000 15000 1.1 43 -7.3 -7.5
J004507.65 17.01.2015 12000–16000 14000 1.0±0.12 158±10 -9.2±0.14 -10.1±0.34
J004621.08 04.09.2015 10000–15000 12000 1.2±0.19 92±8 -7.6±0.21 -8.2±0.41
MN112 17.08.2015 18000–22000 19000 8.4±0.19 60±24 -8.2±0.88 -9.3±0.91
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Figure 4. The spectra energy distributions of our objects in the optical and NIR ranges. See subsection 3.2 for details. The photometric
points are described in Table 3. Note that the error bars for the photometric data points could be less than the symbol size.
J004415.04
Massey et al. (2007) classified this star as a hot LBV can-
didate. It was referred to one of the four confirmed B[e]SGs
in M31 by Kraus (2019) in the latest review of B[e]SGs.
Our spectrum is almost identical to that from Massey et al.
(2007) and is very close to the spectrum by Humphreys et al.
(2013). We notice the presence of strong Balmer emis-
sion lines, emission lines Fe ii and [Fe ii], bright emission
of [Ca ii] 7291, 7323 A˚, as well as the absence of He i lines.
We see strong excess in NIR spectrum of the object due
to hot circumstellar dust (see subsection 3.2). So the star
satisfies all criteria of the B[e] phenomena (Lamers et al.
1998). Since our estimate of the luminosity of the object is
log(L/L⊙) = 4.9 (Lamers et al. 1998), we confirm its classi-
fication as a B[e]SG (Humphreys et al. 2017a; Kraus 2019).
J004507.65
Massey et al. (2007) suggest that this is a cool LBV star and
notice its similarity to VarB in M33. Our spectra show the
Hα emission, Hβ filled in by emission and Hγ in absorption.
The Fe ii and Si ii 6350 A˚ lines are also in the absorption.
We do not see any He i lines. In the IR spectrum we have
no excess and as well no emission lines [Ca ii] and Ca ii.
In the optical spectrum J004507.65 is similar to the V532
(Romano’s star) at the maximum in 1992 (Szeifert 1996;
Sholukhova et al. 2011). However, the variability in the op-
tical range between 2000 and 2017 in archival data and in our
data is not detected. The best SED fitting model has param-
eters AV=1.0mag and T=14000K. Humphreys et al. (2013)
classify this star as an intermediate supergiant A5–A8 with
the Hα emission. We suggest that it is a warm hypergiant
because it shows a high bolometric luminosity Mbol ≈ −10.2
and a large radius R/R⊙ = 158 ± 10.
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J004621.08
This star was determined as a LBV candidate by King et al.
(1998) and Massey et al. (2007). We do not detect any vari-
ability in our data. Gordon et al. (2016) concluded that the
spectrum of this star corresponds to the late A-type super-
giant with strong hydrogen emission lines with broad wings.
The red part of its spectrum has Ca ii, [Ca ii] and 12CO lines,
which indicates of a low density nebula around. Our spectra
show broad Hα and Hβ, and a large number of Fe ii and
[Fe ii] emission lines. In the JHK bands we see an infrared
excess, but the spectrum is flattened. The star is classified
as a warm hypergiant, which is consistent with the classifi-
cation by Humphreys et al. (2017a). The best fit of the SED
obtained with AV = 1.2mag and T = 12000K.
MN112
Gvaramadze et al. (2010) found an IR nebula near the
MN112 and its spectral similarity to PCyg, and classified
the star as a LBV candidate. The optical spectrum of MN112
has broad Hα and Hβ lines, very bright He i, and bright
Fe iii, N ii, Si ii and C ii lines. A large number of diffuse inter-
stellar bands is also seen in the spectra. We obtain the first
NIR spectrum of MN112 which also shows strong Paschen
and Brackett lines, He i lines with PCygni profiles and Mg ii
lines in K -band. The distance to the MN112 is 6.93+2.74
−1.81
kpc,
according to GAIA DR2 data (Bailer-Jones et al. 2018),
which helps us determine the extinction and temperature
as AV = 8.4mag and T = 19000K, respectively. Despite the
non detection of the brightness variability, we still consider
this object as a LBV candidate and look forward to obtain
more photometric data to verify its classification.
4 CONCLUSIONS
We undertook simultaneous O/NIR spectral and photomet-
ric observations of the most massive stars in the Local galaxy
M31 and one star in Milky Way, which could be LBV stars,
B[e]-supergiants or warm hypergiants. For all the stars we
also incorporated archival photometric and spectral data.
We estimated the stellar parameters: spectral energy dis-
tribution, temperature, reddening, luminosities and radii in
order to perform the classification of the stars.
We continue to apply new method of LBV SED mod-
eling (Sholukhova et al. 2015) to studying new LBV candi-
dates. The method assumes applying a constant bolometric
luminosity and dust extinction with variable visual bright-
ness. Under these assumptions we break the AV – tempera-
ture parameters degeneracy by considering the stars in two
or more stages.
All our LBV candidates show optical and NIR spec-
tra typical for LBVs, warm hypergiants or B[e]SGs.
Their luminosity corresponds to known LBVs in M31
(Humphreys et al. 2014). We confirm that the star
J004415.04 is a B[e]SG. The objects J004411.36 is classi-
fied as a Fe II star. We identified two warm hypergiants,
J004621.08 and J004507.65.
The star J004341.84 is variable according to our and
literature data, and can be classified as a LBV star. For
the MN112 where we have got identical spectra with the
same temperature, although the J004341.84 is more lumi-
nous than MN112.
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